In this work, the synthesis, characterization and photophysical study of new derivatives of triazinyl-benzazoles with fluorescence by excited-state intramolecular proton transfer (ESIPT) are presented. It regards the synthesis of cyanuric chloride with different 2-(2'-hydroxyphenyl) benzazoles, two quite attractive groups from the synthetic and technological point of view. These new compounds have several potential applications such as biological markers and new photoluminescent materials. The derivatives were characterized by 1 H and 13 C nuclear magnetic resonance (NMR), Fourier transform infrared spectroscopy (FTIR), high-resolution mass spectrometry (HRMS), UV-Vis absorption and fluorescence emission. The dyes are fluorescent by an excited-state ESIPT in the blue-orange region, with a large Stokes' shift.
Introduction
2,4,6-Trichloro-1,3,5-triazine, also known as cyanuric chloride (TCT) has been widely studied due to its synthetic versatility because it is a very reactive molecule that presents an easily controlled reaction behavior with nucleophiles (Scheme 1). [1] [2] [3] [4] [5] [6] [7] Because of this behavior, TCT presents several applications, such as: producing new polymeric materials, [8] [9] [10] [11] [12] as a chiral stationary phase in high-performance liquid chromatography (HPLC), 13 obtaining fluorescent oligomers, 12, 14, 15 as a precursor of herbicides for the agrochemical industry, [16] [17] [18] [19] anti-bactericides, [20] [21] [22] and antimicrobials. 23, 24 Another important application for TCT and its derivatives is in the dye industry. These dyes have a reactive triazinic group that is able to form a covalent bond with the fibers of several fabrics, mainly cotton. [25] [26] [27] [28] The hydroxyl, thiol or amino groups present in cellulose (cotton), [25] [26] [27] [28] [29] polyamides, or proteins, 25, 30 respectively, can substitute the chlorine atoms of TCT. TCT has also been employed to obtain optical whiteners. 31 Polymers, natural fibers and paper tend to darken or yellow after some time due to the weak absorption of light in the zone of 400 nm by certain groups: peptides in wool or alkenyl, aryl groups Scheme 1. Differential reactivity of TCT towards nucleophiles. [2] [3] [4] silk, flavonoids in cellulose, and products of decomposition in polymers. 31, 32 One of the solutions used to reduce or even eliminate this effect is to add optical whiteners. They increase the whiteness of the material by a process of light absorption in the ultraviolet region (330-380 nm) and posterior emission of light in the visible region (400-450 nm). These optical whiteners are obtained from the reaction of the TCT with chromophore groups and are used in papers, woven fabric, detergents, soaps and polymers. 12, 14, 25, 26, 30 Benzazole dyes are a class of chromophores extensively studied because of their very interesting photophysical properties. [33] [34] [35] [36] [37] [38] [39] This class of molecules presents a large Stokes' shift due to the intramolecular proton transfer (ESIPT) mechanism (Scheme 2). [33] [34] [35] [36] [37] [38] [39] The mechanism of ESIPT provides physical and chemical properties to this class of molecules that make them highly attractive from the synthetic, technological and biological point of view. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] Several applications of this type of molecule are described in the literature, such as stabilization of polymers against UV radiation, 45 fluorescent sensors, 43 photoactive materials for organic light emitting diodes, 46 ,47 molecular switches controlled by light, 48 and optical materials. 49 This paper presents the synthesis, characterization, and photophysical study of new fluorescent triazinyl-benzazole derivatives which present excited-state ESIPT.
Experimental

Materials and methods
The 2,4,6-trichloro-1,3,5-triazine was supplied by ACROS Organics. Spectroscopic grade solvents (Merck) were used for fluorescence and UV-Vis measurements. All the chemicals were analytical grade and were used as received. The reactions were monitored by thin layer chromatography (TLC) on ALUGRAM ® SIL Macherey-Nagel silicagel plates. Dichloromethane was used as eluent and the plates were visualized under UV light (254-365 nm). The dyes were purified by column chromatography using silica gel 60 (70-230 mesh ASTM) and dichloromethane. Infrared (IR) spectra were recorded on a Shimadzu FTIR8300 in nujol. The 1 H and 13 C nuclear magnetic resonance (NMR) spectra were performed at room temperature on an INOVA YH300 using tetramethylsilane (TMS) as the internal standard and DMSO-d 6 as the solvent. The chemical shifts (d) are reported in parts per million (ppm) relative to TMS. The coupling constants J are reported in Hz. The following abbreviations are used for the multiplicities: s (singlet), d (doublet), dd (double of doublets), t (triplet), q (quartet), m (multiplet) and br s (broad singlet). UV-Vis absorption spectra were performed on a Shimadzu UV-1601PC spectrophotometer. Steady state fluorescence spectra were measured with a Hitachi spectrofluorometer model F-4500. Spectrum correction was performed to enable measuring a true spectrum by eliminating instrumental responses such as wavelength characteristics of the monochromator or detector using rhodamine B as a standard (quantum counter). For the photophysical measurements in the solid state, the samples were measured using a solid sample holder. In this device, the light beam irradiated the sample at an angle of approximately 30° and the emitted light from the sample was detected at an angle of approximately 60°. All experiments were performed at room temperature in a concentration of 10 -6 mol L -1
. The high-resolution mass spectrometry (HRMS) spectra analyses were performed on a Bruker Reflex III spectrometer or an Agilent 1100 series liquid chromatograph coupled to an API 5000 triple quadrupole mass spectrometer equipped with an electrospray ionization interface (ESI). Melting points (mp) were measured with a Gehaka PF 1000 apparatus and are uncorrected.
Synthesis of triazinyl-benzazole derivatives
The dyes 2a-d were prepared using a methodology previously described in the literature. 50 The synthesis of the monosubstituted triazinyl-derivatives (3a-d) was also performed as described in recent literature. 26 The reaction consisted of the addition of benzazole-precursors , also at 0-5 °C, containing Na 2 CO 3 . The reactions were refluxed for 24 hours. The Na 2 CO 3 (10%, m/v) was added stoichiometrically in relation to the hydrochloric acid (HCl) formed in the reaction. Distilled water was added to complete precipitation of the product in the end. The products were filtered, washed with distilled water, dried and purified on silica gel columns with dichloromethane as eluent. The final yields were from 70 to 95%. Scheme 3 presents the synthesis of the triazinyl-benzazole derivatives: 
Results and Discussion
Photophysical characterization
Figures 1 to 4 present the normalized UV-Vis absorption spectra and fluorescence emission of the derivatives 3a-d in solution. The spectra in the solid state are also presented for comparison. The relevant spectroscopic data from these dyes are summarized in Table 1 .
The derivatives 3a-d presented an absorption maximum (λ) in solution in the range of 337 to 355 nm, while in the solid state the range was from 350 to 398 nm. The location of the absorption showed a slight dependence (2-4 nm) on the solvent. This behavior is usually related to the conformational equilibrium in solution in the ground state. [51] [52] [53] [54] [55] The molar absorptivity (ε) according to transitions of type p→p* and fluorescence quantum yields (φ) showed results in the range from 1.00 to 5.06 10 4 L mol -1 cm -1 and 0.003 to 0.061, respectively (Table 1 ). The wavelength of maximum emission in solution for molecules 3a-d was in the range of 373 to 440 nm for the enol tautomer and 463 to 549 nm for the keto tautomer. The first Stokes' shift in solution was between 25 and 88 nm (emission of the enol tautomer) and the second one was between 110 and 196 nm (emission of the keto tautomer). Depending on the polarity of the solvent, dual fluorescence emission was observed for all monosubstituted-triazine derivatives (3a-d). This behavior is related to the conformational equilibrium in solution in the ground state. The benzothiazole-derivatives (3c-d) were more sensitive to the effect of the solvent. The ESIPT mechanism was hardly observed in methanol, with most of the emission being due to the enol tautomer (Scheme 1).
Figures 5 to 8 present normalized UV-Vis absorption spectra and fluorescence emissions of derivatives 4a-d in solution. The spectra in the solid state are also presented for comparison. The relevant spectroscopic data from these dyes are summarized in Table 2 .
The derivatives 4a-d presented an absorption maximum (λ) in solution in the range of 312 to 361 nm, while in the solid state the range was from 378 to 396 nm. The location of the absorption showed a slight dependence (4-10 nm) on the solvent. This behavior is usually related to the conformational equilibrium in solution in the ground state. [52] [53] [54] [55] [56] The molar absorptivity (ε), according to transitions of the type p→p* and fluorescence quantum yields (φ) showed results from 0.55 to 2.51 10 4 L mol -1 cm -1 and 0.006 to 0.226, respectively ( Table 2) .
The wavelength of maximum emission in solution for molecules 4a-d was in the range of 373 to 425 nm for the enol tautomer and 461 to 571 nm for the keto tautomer. The first Stokes' shift was between 23 and 73 nm (emission of the enol tautomer) and the second one was between 110 and 210 nm (emission of the keto tautomer). Dual fluorescence emission was observed for disubstituted-triazine derivatives 4a, 4c and 4d depending on the polarity of the solvent. The derivative 4b did not show any influence of the solvent on the fluorescence emission. In the analysis of the monosubstituted-triazine derivatives (3a-d), the benzothiazole-derivatives were more sensitive to the solvent effect. This effect was not observed for the disubstituted-derivatives (4a-d). For the disubstituted group (4a-d), the 4'-derivative (4a and 4c) showed greater sensitivity to the solvent than the 5'-derivative (4b and 4d).
It is known that having the amino group located in the meta-position relative to the phenolic hydroxyl group (4'-position) weakens the intramolecular hydrogen bond when compared to substituted analogs with the same group in the para-position (5'-position). This behavior is observed for disubstituted-derivatives (4a-d). 56 However, this behavior was not observed in the monosubstitutedderivatives (3a-d) because TCT (1), which possesses two chlorine atoms (electron-withdrawing group by inductive effect), is bonded in this amino group. The electron density of the amino group is shifted more to the triazinic ring than to the phenolic ring due to the electron deficiency of the cyanuric chloride.
Figures 9 to 12 present the normalized UV-Vis absorption spectra and fluorescence emission of derivatives 5a-d in solution. The spectra in the solid state are also presented for comparison. The relevant spectroscopic data from these dyes are summarized in Table 3 .
The derivatives 5a-d presented an absorption maximum (λ) in solution in the range of 334 to 361 nm, while in the solid state the range was from 374 to 409 nm. The location of the absorption showed a slight dependence (4-11 nm) on the solvent. This behavior is usually related to the conformational equilibrium in solution in the ground state. [51] [52] [53] [54] [55] The molar absorptivity (ε), according to transitions of the type p→p*, and fluorescence quantum yields (φ) showed results from 1.84 to 13.40 10 4 L mol -1 cm -1 and 0.003 to 0.048, respectively ( Table 3) .
The trisubstituted-derivatives (5a-d) showed higher molar absorptivity (ε) than their mono (3a-d), and disubstituted (4a-d) analogs. The difference in ε was more pronounced in the derivatives substituted in the 4'-position (5a and 5c) than in those substituted in the 5'-position (5b and 5d). The wavelength of maximum emission in solution for molecules 5a-d was in the range of 372 to 423 nm for the enol tautomer and 460 to 558 nm for the keto tautomer. The first Stokes' shift was between 27 and 65 nm (emission of the enol tautomer) and the second was between 115 and 201 nm (emission of the keto tautomer), both in solutions. The behavior presented by the trisubstituted-derivatives (5a-d) was the same presented by the disubstitutedderivatives (4a-d). The 4'-derivatives (5a and 5c) were more sensitive to the solvent effect than the 5'-derivatives (5b and 5d). The derivatives 3a, 4a, 5a, 3c, 4c and 5c, which have the amino group in the 4'-position, showed a higher fluorescence quantum yield than their respective analogues 3b, 4b, 5b, 3d, 4d and 5d, which have the amino group in the 5'-position. The derivatives with the amino group in the 5'-position (3b, 4b, 5b, 3d, 4d and 5d ) also have a larger Stokes' shift than their analogues with the amino group in the 4'-position (3a, 4a, 5a, 3c, 4c and 5c) . The difference in emissions of the keto tautomers were greater when the molecules were benzothiazole-derivatives rather than benzoxazole ones. 
Conclusions
Novel fluorescent triazinyl-benzazoles prepared by the ESIPT mechanism were synthesized, purified and characterized by IR spectroscopy, nuclear magnetic resonance Normalized UV-Vis absorbance and fluorescence emission espectra of 5d. Vol. 26, No. 12, 2015 showed the highest molar absorptivity (ε) among the derivatives studied. The derivatives with an amino group in the 5'-position exhibited larger Stokes' shift than their analogues with an amino group in the 4'-position of the phenolic ring. This difference was larger in the benzothiazoles than in the benzoxazoles.
Monosubstituted benzothiazole-derivatives showed more intense dual fluorescence than monosubstituted benzoxazole-derivatives. For di and trisubstitutedderivatives, dual fluorescence emission was more intense in the derivatives with the amino group in the 4'-position than their analogues with the amino group in the 5'-position. The derivative 2,4-di[2-(5'-aminyl-2'-hydroxphenyl) benzoxazole]-6-chloro-1,3,5-triazine (4b) was the only one where the fluorescence emission of the keto tautomer was not affected by the solvent. The novel ESIPT triazinyl-benzazole derivatives showed very interesting photophysical properties and are promising molecules that could be used to obtain new materials, such as fluorescent sensors and photoluminescent polymers. 
